Background: Khaini is a widely used form of smokeless tobacco in India. Cigarette smoking has extensive effects on cardiovascular functions. Khaini is tobacco with slaked lime. Aims: This study aimed to determine the effect of Khaini on cardiovascular system adaptability to exercise. Materials and Methods: Cardiovascular functions were assessed after maximal exercise testing by recording parameters like maximum heart rate, delta heart rate, recovery heart rate and maximum oxygen pulse in two groups' viz., Khaini users and non-users. Results: On studying the differences in cardiovascular functions in users and controls, there was significant difference in maximum heart rate. The other parameters like delta heart rate and maximum oxygen pulse were on the higher side in controls while the recovery heart rate was significantly lower in the control group which was consistently maintained after exercise testing. Conclusion: Based on these findings there is a higher adaptability of the cardiovascular system to the exercise stimulus in the form of better VO 2 max, faster recovery of the exercise heart rate, and a higher delta heart rate in non-Khaini users.
INTRODUCTION
Khaini is a widely used form of smokeless tobacco in India. [1] Cigarette smoking has extensive effects on cardiovascular functions. [2] Khaini is tobacco with slaked lime. Use of smokeless tobacco is on the rise due to a presumably perceived view that it is relatively harmless.
There is variability in the degree of adaptability of the cardiovascular system in delivering the physiological during exercise. [3] Both pulmonary system and cardiovascular system are responsible for this adaptation during exercise.
Mechanical constraints on exercise hyperpnea have been studied as a factor limiting performance in endurance athletes'. [4] Others have considered the absence of structural adaptability to physical training as one of the "weaknesses" inherent in the healthy pulmonary system response to exercise. [5] Ventilatory functions are an important part of functional diagnostics, [6, 7] aiding selection and optimization of training and early diagnosis of sports pathology. Assessment of cardiovascular functions by maximal exercise testing is useful in bringing out the adaptability of this system to the exercise stimulus.
Use of smokeless tobacco represents a health concern of growing magnitude among high school, college students and sportspersons. Consumption of smokeless tobacco consequent to its addictive properties becomes a lifelong habit with cumulative and deleterious effects on health. The effect of nicotine on various body parameters and its harmful nature is well studied. But very few studies have been done on cardiovascular effects of smokeless tobacco like Khaini. Since consumption of Khaini is very much prevalent in India, there is a need for an Indian study on the effects on various cardiovascular parameters.
MATERIALS AND METHODS
The present study was conducted in the department of physiology of a medical school in South India after obtaining ethical clearance as a part of cardio-pulmonary efficiency studies on two groups of non-Khaini user control group (n = 30) and Khaini users (n = 30). The two groups were matched for age and gender.
Informed consent was obtained and clinical examination to rule out any underlying disease was done. Healthy young adult males between 19 and 25 years who regularly chew Khaini for at least for the past 3 years were considered in the user group whereas the non-user group did not have any such habit. Smoking, clinical evidence of anemia, obesity, involvement of cardio-respiratory system was considered as exclusion criteria.
Detailed procedure of sub-maximal and maximal exercise treadmill test was explained to the subjects. After sub maximal exercise VO 2 max was assessed indirectly by using Astrand's nomogram. The subjects were afterwards made to undergo maximal exercise testing. Maximal heart rate was determined by ECG. The delta heart rate was the difference between the maximal heart rate and the resting heart rate. The recovery heart rate was recorded after a period of 1 minute from the cessation of maximal exercise. Lead II was selected in the ECG machine and ECG was recorded for 15 seconds.
Recovery heart rate was obtained by using the formula, Recovery HR = 15 -sec HR × 4
Maximum oxygen pulse was calculated by using the formula,
VO max ml/min Maximum O pulse M ax HR All these set of recordings were done on both the study as well as the control groups. Statistical analysis was done using unpaired students t-test, P < 0.05 was considered as significant.
RESULTS
The groups were matched for age and gender [ Table 1 ]. Non-users had a significantly higher VO 2 max as compared to Khaini users.
On comparing the cardiovascular efficiency parameters, it was observed from Table 2 that the resting heart rate and recovery heart rate was higher in Khaini users, whereas non-users had significantly higher delta heart rate and maximum oxygen pulse. The maximum heart rate was numerically higher in non-users but it was not statistically significant.
DISCUSSION
We found a higher resting heart and recovery of heart rate in Khaini users. The VO 2 max values, delta heart rate and maximum oxygen pulse was higher in Khaini non-users.
VO 2 max is an objective index of the functional capacity of the body's ability to generate power. This was higher in non-users. The two critical steps in oxygen transport from ambient air to the tissue mitochondria are diffusion from the alveolar gas phase to the red blood cells in the lung capillaries and diffusion from systemic capillaries to the mitochondria in the cells of the peripheral tissues. In subjects at rest or under stress, the time it takes for the red blood cells to move through the capillaries is nearly always adequate for the PO 2 in the red blood cells to come into equilibrium with the PO 2 in the alveolar gas. Diffusion is therefore not rate limiting. Equilibration of oxygen is significantly delayed because of its low solubility in water within the alveolar wall tissue and plasma. The effective solubility of oxygen in blood is markedly increased by hemoglobin.
[8]
At the second critical point in the oxygen transport chain in peripheral tissues, diffusion conditions [8]
The most important factor that affects tissue oxygen diffusion is the length of the path over which oxygen must travel to reach the tissues. In the left ventricular myocardium, the capillaries are about 25-μm apart, which is 10 times farther than across the alveocapillary barrier. This results in 100 times longer time to reach the farthest heart muscle mitochondrion. In skeletal muscle, there are about three times as many capillaries as required for adequate oxygenation under rest conditions. During strenuous exercise, all of the capillaries are perfused, thereby markedly decreasing the distance over which oxygen must diffuse to reach the mitochondria.
The higher resting heart rate is attributable to the lower vagal tone in users and supports the hypothesis that nicotine training modifies heart rate control through neurocardiac mechanisms primariliy by shifting the autonomic balance toward sympathetic dominance. The higher delta heart rate in non users suggests that this group may be at a lesser risk for cardiovascular mortality.
The faster recovery in non-users is due to the better vagal tone in this group. Maximum oxygen pulse is an index representing both stroke volume and average A-V oxygen difference; a higher value in non-users suggests that exercise increases both stroke volume and average A-V oxygen difference much more in this group.
In conclusion, there is a higher adaptability of the cardiovascular system to the exercise stimulus in the form of better VO 2 max, faster recovery of the exercise heart rate, and a higher delta heart rate in non-Khaini users. There is a lesser adaptability of cardiovascular system to exercise in Khaini users. Our findings need to be replicated in a larger sample of subjects.
